This paper analyzes the degree of return predictability (or weak-form informational efficiency) of Dow Jones Islamic and conventional size and sectorindices using the data from 1996 to 2013. Employing the automatic portmanteau and variance ratio tests for the martingale difference hypothesis of asset returns, we find that all Islamic and conventional portfolio returns have been predictable in a number of periods, consistent with the implications of the adaptive markets hypothesis. Overall, Islamic portfolios exhibit a higher degree of informational efficiency than the conventional ones, especially in the Consumer Goods, Consumer Services, Financials and Technology sectors. We also find that Islamic portfolios tend to be more efficient than the conventional ones during crisis periods.
Introduction
Islamic finance, as is well known, is based on the application of classical Islamic law in the management of money: this implies prohibition of interest, excessive risk, gambling; exclusion of investments in arms, alcohol, casinos, tobacco, pornography and pork; and a major attention to social welfare. Like any other modern avatars of ethical investments, such as green, faith or socially responsible investments, the Islamic investing aims at generating low volatility returns and value enhancement opportunities by focusing on low-debt, non-financial, social-ethical investment vehicles (De Lorenzo, 2001 ). There has been a large-scale growth in Islamic finance and banking in Muslim countries and around the world during the last twenty years. This growth is influenced by a range of factors including broad macroeconomic and structural reforms in financial systems; liberalization of capital movements; privatization; global integration of financial markets; and introduction of innovative and new Islamic products (Zaher and Hassan, 2001) . Islamic finance has entered a bright new stage of development, emerging after the global financial crisis as a more equitable and efficient alternative to the Western approach. However, as Abdelsalam and El-Komi (2015) point out, the extant empirical research on Islamic finance have been lagging behind; and a great deal of additional evidence is required to further advance the knowledge in this area.
One of the issues under-researched in Islamic finance is the fundamental question of market efficiency (or return predictability). The efficient market hypothesis (EMH) of Samuelson (1965) and Fama (1965) states that asset prices fully and instantaneously reflect all available and relevant information. Under the weak-form efficiency where the information set consists of past prices and returns, future prices and their returns are purely unpredictable based on past price information; and asset prices follow a martingale process and its increments (returns) are characterized by a martingale difference sequence. Note that the returns following a martingale difference sequence (MDS) are simply uncorrelated in mean, but are allowed to show a higher order dependence such as conditional heteroskedasticity. The martingale is more general and less restrictive for asset prices than the random walk where the returns are assumed to be independent 1 . Recent studies for the EMH on financial markets have tested whether 1 See Escanciano and Lobato (2009b) for the details of martingale process or martingale difference. 3 asset returns follow an MDS (see, for example, Lim and Brooks 2010; , Charles et al., 2011 .
In the literature of financial market efficiency, Lo's (2004 Lo's ( , 2005 adaptive market hypothesis (AMH) has emerged as a new paradigm. Departing from a dichotomous (all or nothing) view of market efficiency, the AMH provides a new framework of reconciling the EMH with the notion of bounded rationality. An important implication of the AMH is that departure from market efficiency (or return predictability) may arise from time to time, due to changing market conditions (cycles, bubbles, crashes, crises, . . . ) and institutional factors. Recent studies have found that changing market conditions, caused by the events such as Asian financial crisis (e.g., Kim and Shamsuddin, 2008; Lim et al., 2013) , and the Global Financial Crisis (e.g., Smith, 2012) , can affect the degree of market efficiency. These events have strong implications for the psychology of market participants and the way they incorporate new information to prices, which in turn may generate time variation in the degree of return predictability.
Despite growing interest in Islamic finance, empirical studies that examined the return predictability of Islamic portfolios are not extensive. 2 To the best of our knowledge, only a few studies examine the weak form of the EMH for the Islamic indices (Hassan, 2002; El Khalichi et al., 2014; Rizvi et al., 2014; Jawadi et al., 2015) . However, these studies have not not adopted time-varying measures of return predictability to evaluate the martingale difference hypothesis (MDH), except for the study of Sensoy et al. (2015) who implement a time-varying analysis with a rolling sample by applying the permutation entropy approach. We note that the permutation entropy test is designed for the null hypothesis of independent stock returns, which can be too restrictive and unsuitable for stock returns with the MDS properties such as dependence in variance. In addition, the permutation entropy approach does not provide a sensible measure of return predictability. In this paper, improved versions of the autocorrelation test (Ljung and Box, 1978) and variance ratio test (Lo and MacKinlay, 1988 ) statistics are adopted. That is, we use the wild bootstrap automatic 
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variance ratio test of Kim (2009) and the automatic portmanteau test of Escanciano and Lobato (2009a) . Notably, these tests are designed to test for the MDS property, being robust to non-normality and conditional heteroscedasticity that are typical features of stock returns (see, for details, Charles et al., 2011) . These tests also provide the test statistics that are useful and intuitive measures of the degree of market (in)efficiency or return predictability. Distinctive from past studies, this paper also compares return predictability of Dow Jones Islamic and conventional size and sector-indices. This is based on the salient features of Islamic portfolios distinct from the conventional ones, as discussed in Section 2 of the paper.
The aim of this paper is threefold: (i) evaluate the evolution of return predictability of the Dow Jones Islamic Market (DJIM) index and the Dow Jones Global (DJG) index; (ii) examine whether its evolution is consistent with the AMH; and (iii) compare the return predictability between the DJIM and its conventional counterpart using the portfolios based on size and sectors. This study covers the period 1996-2013, which includes the periods of major financial crises. We also examine how the economic crises, namely Asian Crisis, Dotcom Crisis, Global Financial Crisis and European Sovereign Debt Crisis, affect the degree of return predictability of Islamic and conventional sub-indices. We capture the time-varying return predictability under the AMH, by employing a moving sub-sample window approach.
The main finding of the paper is that all Islamic and conventional returns have been predictable in a number of periods. This means that the Islamic and non-Islamic markets often show departure from market efficiency from time to time, which is consistent with the implications of the AMH. The Islamic sub-indices are found to exhibit more periods of no return predictability than the conventional ones.
We find the similar degree of return predictability in Basic Materials, Industrials,
Oil & Gas, Telecommunications, Health Care and Technologies sectors for both
Islamic and conventional sub-indices, whereas the Islamic sub-indices are found to be more efficient than the conventional ones for Consumer Goods, Consumer Services, Financials, and Technologies sectors. Finally, we do observe a tendency that Islamic portfolios are more efficient during the crisis periods. The remainder of this paper is organized as follows: Section 2 presents motivation and background of the study including a brief literature review. Section 3 presents the tests for the MDH adopted in this paper; Section 4 provides the data details; and Section 5 reports the empirical 5 results. The conclusion is drawn in Section 6.
In this section, we provide a discussion as to the features of Islamic stock portfolios, in comparison with the conventional ones, with their implications to the weak-form market efficiency or return predictability. We also provide a brief discussion on the AMH and literature review of the studies which test for informational efficiency of Islamic portfolios.
Market efficiency and Islamic finance
It is well expected that Islamic and the conventional markets show different features. Crisis on the market efficiency, and find the increased market efficiency in post-crisis period compared to pre-crisis period. 4 Therefore, investigating the issue of the return predictability of Islamic finance compared with conventional finance during crisis periods is especially interesting. It can also have important implications for investors wishing to develop optimal portfolios and to adapt their investment strategies to market phases. 3 Girard and Hassan (2008) find that FTSE Islamic indices are growth oriented and conventional indices are relatively more value focused, and suggest that one reason behind the high proportion of growth stocks may come from the exclusion of value sectors with higher environmental risks, such as Chemical, Energy, and Basic Industries. 4 The AMH of Lo (2004 Lo ( , 2005 is developed by coupling the evolutionary principle with the notion of bounded rationality (Simon, 1955) and has emerged as a new paradigm (Verheyden et al., 2015) . A bounded rational investor is said to exhibit satisfying rather than optimal behavior. Optimization can be costly and market participants with limited access to information or abilities to process information are merely engaged in attaining a satisfactory outcome. Lo (2004 Lo ( , 2005 argues that a satisfactory outcome is attained not analytically, but through an evolutionary process of the AMH is that return predictability can arise time to time due to changing market conditions. Therefore, market efficiency may not follow a secular trend toward greater efficiency as anticipated by proponents of the EMH, but instead can vary in a cyclical fashion beingŞhighly context dependent and dynamicŤ. varying extents. 6 However, these studies do not examine the predictability of Islamic and non-Islamic indices for size and sectors sub-indices and during crisis periods.
Brief literature survey
Some studies explore the existence of diversification opportunities using cointegration methodology. Girard 
Automatic portmanteau test
Let Y t denote asset return at time t, where t = 1, ..., T . Under the null hypothesis of no asset return predictability, Y t is a strictly stationary and ergodic martingale difference sequence (MDS) with appropriate moment conditions (see Escanciano and Lobato, 2009a ; Assumption A1). The original portmanteau test statistic is written as
whereρ(i) is the sample estimator for ρ(i) which is the population autocorrelation of Y t of order i. When Y t shows conditional heteroscedasticity, Lobato et al. (2001) propose the use of a robustified test statistic of the form
where ρ(i) = γ 2 (i)/ τ( j), γ(i) is the sample autocovariance of Y t of order i, and τ(i) is the sample autocovariance of Y 2 t of order i . The choice of p should be made to implement the test. In order to avoid an ad hoc selection, Escanciano and Lobato (2009a) propose an automatic test where the optimal value of p is determined by a fully data-dependent procedure. The test statistic is written as
where p = min{p : 1 ≤ p ≤ d; L p ≥ L h , h = 1, 2, ..., d} and d is a fixed upper bound, while L p = Q * p − π(p, T ), where the penalty term π(p, T, q) = p log(T ) if max 1≤i≤d √ T | ρ(i)| ≤ 2.4 log(T ) and π(p, T, q) = 2p if otherwise. Note that the penalty term is a balance between AIC and BIC. Under the null hypothesis of MDS where ρ(i) = 0 for all i, the test statistic asymptotically follows the χ 2 1 distribution. The null hypothesis of no return predictability is rejected at α level of significance, if the AQ statistics is greater than its asymptomatic critical value χ 2 1,α , which is the 100(1-α)th percentile of the χ 2 1 distribution.
Automatic variance ratio test
Choi's (1999) AVR test is based on a variance ratio estimator related to the normalized spectral density estimator at zero frequency. Namely,
where
is the quadratic spectral kernel. Note that the estimator given in (4) is a weighted average of sample autocorrelations of Y t . According to Choi (1999) , under the null hypothesis that Y t is an MDS,
as T → ∞, k → ∞, and T /k → ∞. To implement the test, a choice for the value of lag truncation point k should be made, which is equivalent to the value of holding period in the time domain. Choi (1999) proposes a data-dependent method of choosing k optimally, following Andrews (1991) , noting that this choice may exert an enormous impact on the variance ratio test. The AV R test statistic with the optimally chosen lag truncation point is denoted as AV R(k * ).
To improve the small sample properties of the AVR test under conditional heteroskedasticity, Kim (2009) proposes wild bootstrapping of the test, which is conducted in three stages as follows:
where η t is a random variable with zero mean and unit variance;
3. Repeat 1 and 2 B times, to produce the bootstrap distribution of the AV R statistic
The test for H 0 against the two-tailed alternative is conducted to using the p-value, which is estimated as the proportion of the absolute values of {AV R * (k * ; j)} B j=1 greater than the observed statistic AV R(k * ). Alternatively, one may use the 100(1 − 2α) per cent confidence interval under H 0 , which can be written as
For η t , we use the two point distribution proposed by Mammen (1993) . The number of bootstrap replications B is set at 500 in this study, which is well-known to be sufficient for p-value calculation and the construction of bootstrap confidence interval.
Measuring the Degree of Return Predictability
The AQ and AV R(k * ) tests described above are used to evaluate statistical significance of return predictability, by testing if the population autocorrelation values are 0.
However, evaluation of effect size is also important, which in this case represents the magnitude of the degree of return predictability. Note that the AQ and AV R(k * ) statistics can be used as natural measures of return predictability. 7 Since the AQ statistic is the sum of squared sample autocorrelations of Y t to the optimal order (scaled by the sample size), a higher value of AQ statistic indicates a higher degree of return predictability. Similarly, the AV R(k * ) statistic is one plus a weighted sum of the autocorrelations to the optimal order, with positive and declining weights. The main difference between the AQ and AV R(k * ) statistics is that the former treats all sample autocorrelations to the optimal order with equal weights, while the latter provides higher weights to lower order sample autocorrelations. 7 
Empirical Results
In this section, we present and discuss the empirical results. We pay attention to the time-variation of the degree of return predictability for a range of Islamic and conventional portfolios, in association with the ADH. Given the observations made by the past studies that Islamic portfolios outperform the conventional ones during crisis times, we also evaluate the return predictability during different crisis periods in recent years.
Evaluating time-varying return predictability
To evaluate time-varying return predictability, we use moving sub-sample window of 2 years, which consists of approximately 520 daily observations. This sample size is large enough to ensure desirable size and power properties of the tests employed (see Charles et al., 2011) . The 2-year window is also suitable to capture the effects of changing market conditions. The first sub-sample window covers the period from January 1996 to December 1997. Then, the window moves forward by one month to cover the period of February 1996 to January 1998. The process continues to the end of data set. Throughout this process, we calculate the AQ and AVR statistics as measures of time-varying return predictability. In this way, the periods or episodes of high degree of return predictability (with statistical significance) is identified, which in turn are related to the corresponding events and shocks. Note that the use of moving sub-sample window approach is not intended for multiple testing in this paper, but adopted as a means of measuring the degree of return predictability over time. It is also an effective guard against data snooping bias (see Hsu and Kuan, 2006) . Figure 1 reports the AQ statistics for all size indices. We observe extensive periods of return predictability where the MDH is rejected most of times, except for the periods of the Dotcom crisis (around 2004) and the GFC (around 2009). The evidence against no return predictability is stronger for the conventional portfolio than Islamic portfolio; and stronger for small-cap and medium-cap portfolio than large-cap portfolio. For example, the median values of AQ statistic for medium-cap 8 The AVR test results are available upon request. 16 portfolio are 11.39 and 13.22 respectively for Islamic and conventional indices; while those for large-cap portfolio are 7.88 and 9.64 respectively. This means that higher informational efficiency is associated with Islamic and large-cap portfolio. There is also a strong tendency that the degree of return predictability decreases over time, for both Islamic and conventional indices, implying that the markets have become more efficient since late 1990's. It can also be observed that the difference in the degree of the return predictability between Islamic and conventional indices gets smaller over time, and the degree of return predictability has become virtually identical after 2011. predictability. For the Technology sector, the Islamic index is found to be much more efficient than conventional index, while no strong difference in the pattern of return predictability is found for the Utilities sector.
The overall results indicate that all Islamic and conventional returns have been predictable in a number of periods. This means that the Islamic and non-Islamic markets often show departure from market efficiency from time to time, which is consistent with the implications of the AMH. However, overall, the Islamic portfolio is found to be more efficient than the conventional portfolio, especially in the Consumer Goods, Consumer Services, Financials, and Technology Sectors.
Return predictability during crisis periods
We now examine the degree of return predictability of Islamic and conventional subindices during the crisis periods, namely Asian Crisis, Dotcom Crisis, Global Financial Crisis (GFC) and European Sovereign Debt Crisis. Table 2 displays the AQ and AVR test statistics and their p-values for size indices. For all size indices, the null hypothesis of MDH (no return predictability) is rejected at 5% level of significance for both Islamic and conventional indices during the Asian Financial, Dotcom and European Sovereign Debt crises, which is evidence against weak-from efficiency of both markets during these crisis periods. During the GFC, the null of MDH is rejected for the medium and small-cap indices, for both Islamic and conventional indices. For the large-cap index, there is strong evidence of the weak-form efficiency during the GFC, especially for Islamic indices. However, there is also a strong tendency that both AQ and AVR test statistics are smaller for Islamic portfolios, especially for large-cap portfolio, suggesting that a higher degree of informational efficiency is associated with Islamic portfolios during crisis periods.
The results of AQ and AVR tests for sector indices are given in Tables 3 and 4 . For the Basic Materials sector, Islamic and conventional portfolios show similar degree of return predictability: the null hypothesis of no return predictability is rejected for all crisis periods. For the Consumer Goods sector, Islamic and conventional portfolios again show similar test outcomes: strong return predictability for the Asian and European crises, but otherwise for the Dotcom crisis and GFC. For the Consumer Services sector, Islamic portfolio is found to be more efficient during the European crisis and the GFC, while there is a tendency that a lower predictability is associated with Islamic portfolios during other crisis periods. For the Financials sector, the Islamic portfolio is found to be more efficient only during the Asian crisis. For the Healthcare sector, the AQ and AVR tests deliver similar outcomes for both Islamic and conventional portfolios, except for the Asian crisis where the AVR test show efficiency of Islamic portfolio. For Industrials, Oil & Gas, Technologies, and Telecommunications sectors, the AQ and AVR tests provide the same inferential outcomes for Islamic and conventional portfolios. It is notable that both portfolios are found to be efficient during the GFC for the Oil & Gas, Technologies, and Telecommunications sectors. For the Utilities sector, the Islamic portfolio is found to be clearly more efficient than the conventional one during the Asian crisis, while the two tests deliver similar outcomes for the other crises.
The overall result suggests that there is a strong tendency that Islamic portfolios that Islamic portfolios outperform the conventional ones during the crisis times. It is also notable that both Islamic and conventional portfolios show a high degree of informational efficiency during the GFC.
Conclusion
Financial assets that comply with the Islamic law is growing at a fast rate in the global financial markets, attracting a great deal of attention from both academic researchers and practitioners (see, for example, Abdelsalam and El-Komi; 2015). One of the fundamental questions not sufficiently answered in the extant literature is the degree of informational efficiency or return predictability of Islamic portfolios. In this paper, we analyze the degree of informational efficiency of Islamic portfolio, in association with Lo's (2004 Lo's ( , 2005 adaptive markets hypothesis (AMH). The key questions include how the degree of return predictability evolves over time and whether Islamic portfolio show a higher degree of informational efficiency than the conventional portfolio. These questions are not fully and properly answered in the previous studies. To this end, we conduct an extensive analysis in this paper, using disaggregated data sets and adopting new econometric methods with desirable small sample properties. This paper evaluates the return predictability of Dow Jones Islamic and conventional portfolios by testing for the martingale difference hypothesis (MDH), using the daily data from 1996 to 2013. We pay attention to the size and sector indices to reflect the nature of Islamic portfolios which have a tendency of small-cap and of selective industry concentration. We employ the automatic portmanteau test of Escanciano and Lobato (2009a) and automatic variance ratio test of Kim (2009) . These tests are explicitly designed to test for the martingale difference property of asset returns and found to possess desirable size and power properties in small samples under non-normality and conditional heteroskedasticity (see Charles et al., 2011) . These tests also provide a sensible measures of the degree of return predictability or informational efficiency. 19 We find that both Islamic and conventional portfolios have been showing timevarying return predictability. This means that both Islamic and non-Islamic markets show a departure from market efficiency from time to time, which is consistent with the implications of the AMH. However, we find a strong tendency that the Islamic subindices exhibit more periods of no return predictability than the conventional ones.
In addition, while both Islamic and conventional portfolio show a similar degree of market efficiency in Basic Materials, Industrials, Oil & Gas, Telecommunications and Health Care sectors, the Islamic portfolio are found to exhibit a substantially higher degree of informational efficiency in the Consumer Goods, Consumer Services, Financials and Technologies sectors. Finally, we observe evidence that Islamic portfolios tend to be more efficient than the conventional ones during crisis periods. 
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